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b Orthopaedics Department, Hospital Prof. Doutor Fernando Fonseca, Amadora, Portugal
c Department of Pathological Anatomy, Hospital Beatriz Ângelo, Loures, Portugala r t i c l e i n f o
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Various failure mechanisms have been identified in total knee arthroplasty (TKA). We hereby present one
case of failure, which stands out because of its rapid and destructive progression. We report the case of a
72-year-old Caucasian female patient who developed a large bone osteolytic lesion of the femur after
TKA. The patient presented to our hospital 7 years after the initial surgery, complaining of persistent knee
pain. The lesion affected the distal half of the femur and, after a diagnostic workup, required a resection
of 20 cm and reconstruction with a tumor prosthesis. Subsequent pathological analysis revealed a re-
action to cement and prosthesis components. Periprosthetic osteolysis continues to be a major problem,
and a reaction to cement and prosthesis components can be an elusive cause of TKA failure.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
The leading causes of total knee arthroplasty (TKA) failure are
aseptic loosening of components, infection, instability, and poly-
ethylene wear [1]. Periprosthetic osteolysis results from wear
debris, which leads to activation of macrophages and a foreign body
tissue reaction [1]. This reaction results in an increased osteoclasts’
activity, with resorption of bone matrix and/or soft-tissue reactions
[1]. Although this process is well documented in the literature,
some authors report extensive cyst-like bone inflammatory re-
actions that stand out by their location or size, sometimes
mimicking tumor lesions [2-6]. On the other hand, culture-negative
cases of periprosthetic joint infection can be difficult to diagnose
and go unnoticed [7]. Therefore, extensive bone osteolytic lesions
pose diagnostic difficulties and, owing to the concomitant risk of
fracture, require careful clinical evaluation and treatment. We
hereby present a patient who developed a large bone osteolytic
lesion of the distal femur, which needed a revision TKA with a tu-
mor reconstruction prosthesis..
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A 72-year-old Caucasian female, who consented to participate in
this case report, suffered from osteoarthritis of her right knee joint
and underwent joint replacement surgery in another institution
(September 2005). A cemented total knee prosthesis (Performance,
Biomet®, Warsaw, IN) was placed. According to the patient, the
initial postoperative course was uneventful. However, she reports
knee edema since the surgery, and therefore, 6 months after, a
revision surgery was performed because of suspected infection that
was apparently ruled out. Meanwhile, she developed a lesion in the
distal femur and was observed by an orthopaedic tumor specialist.
A workup was performed with magnetic resonance imaging (MRI)
and a 99mTc scintigraphy. The MRI showed no invasive character-
istics of the lesion. The scintigraphy showed hypervascularity in the
femur’s distal third and pharmacologic heterogenic hyperfixation,
suggesting a lytic lesion and inflammatory activity in the same area
(Fig. 1). A biopsy of the lesion was subsequently carried out, which
identified a benign reactional lesion, thus excluding a malignant
lesion. No further clinical or imagiologic data were available.
The patient presented to our hospital 7 years after because of
persistent knee pain. There was no history of trauma or constitu-
tional symptoms. She was submitted to a thyroidectomy in 2012
because of a benign multinodular goiter. On physical examination,
the knees were aligned, and she had a moderate knee effusion on
the right, without tension or other inflammatory signs. The kneesociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
seca Hospital from ClinicalKey.com by Elsevier on July 09, 2020.
opyright ©2020. Elsevier Inc. All rights reserved.
Figure 1. Five-year postoperative scintigraphy. Five-year postoperative anterior and posterior images of a 99mTc scintigraphy showing pharmacologic heterogenic hyperfixation
mainly in the right distal femur. Some hyperfixation is also seen extending to the femoral diaphysis and proximal tibia (early-phase scan above and late-phase scan below).
A. Cardoso et al. / Arthroplasty Today 6 (2020) 463e469464had an arc of mobility of 125 with full extension, and it was slightly
unstable to varus-valgus stress. Review of previous radiographs
showed evidence of an intramedullary lytic lesion, 7 months after
the initial surgery, progressing to affect the distal femur in just
3 years (Figs. 2-4). When she came to our hospital, almost half of
the femur was affected. The lytic lesion progressed to the femoral
diaphysis with cortical thinning and no significant reactive sclerosis
(Fig. 5). At this point, after the initial appointment, we deemed
important to exclude an infection and a hypersensitivity reaction to
the prosthesis material or bone cement. The blood workup showed
no leukocytosis, a C-reactive protein of 5 mg/dL, and an erythrocyte
sedimentation rate of 67 mm/h. Joint liquid (1) and blood culture
(2) studies were negative (joint liquid cytochemical analysis un-
available). A hypersensitivity reaction to metals and poly-
methylmethacrylate (PMMA) was evaluated by a dermatologic
specialist, with cutaneous patch tests, which were negative.
The patient was submitted to surgery with a working differen-
tial diagnosis of prosthetic joint infection vs a pseudotumor lesion
secondary to PMMA cement or ultra-high-molecular-weight poly-
ethylene (UHMWPE) wear debris. The synovium was unremark-
able, and there was no macroscopic evidence of debris. The femoral
component was loose, whereas the tibial and patellar components
were stable. The UHMWPE liner was macroscopically grossly pre-
served. Synovial, femoral canal, and interface membrane tissue
(which resembled a brownish cystic membrane) were collected,
and an intraoperative extemporaneous analysis was undertaken.
That showed chronic active inflammation rich in plasmocytes
around necrosis, and therefore, infection could not be ruled outDownloaded for Anonymous User (n/a) at Professor Doctor Fernando F
For personal use only. No other uses without permissiowith certainty (Fig. 6). We proceeded with removal of the pros-
thesis and placement of a spacer. Further analysis of collected tissue
showed osteolysis, chronic synovitis, and a foreign-body reaction.
This reaction was located around spaces where deposits of a black
material and vacuoles (probably due to cement) could be seen
(Fig. 6). Surgical specimens were cultured for 2 weeks, as well as
new blood samples, which were all negative. Sonification of the
explanted prosthesis was unavailable. The patient completed an
antibiotic course with flucloxacillin.
Three weeks later, the patient underwent revision surgery, with
removal of the spacer and distal resection of the femur, 20 cm above
the joint line (Figs. 7 and 8). A revisionwith a tumor reconstruction
prosthesis was performed (type LPS, DePuy Synthes, West Chester,
PA). The pathological analysis of the femur yielded no further
information.
Six years after surgery, the patient is well, satisfied with the
surgery, with a mobility arc of 120, without any need of walking
aid (Fig. 9).
Discussion
Osteolytic pseudotumor lesions occur after TKA because of
generation of wear debris that trigger an osteoclastic process,
driven by activated macrophages [1]. Although there have been
extensive reports of osteolytic pseudotumor lesions around the
knee, there is no report, to our knowledge, of such a rapid and
exuberant expansible lesion. The importance of the current report
lies in the recognition that such osteolytic processes can happenonseca Hospital from ClinicalKey.com by Elsevier on July 09, 2020.
n. Copyright ©2020. Elsevier Inc. All rights reserved.
Figure 2. Immediate postoperative knee radiographs. Anteroposterior and lateral immediate postoperative knee radiographs showing the tibial component in an apparently slight
varus position.
A. Cardoso et al. / Arthroplasty Today 6 (2020) 463e469 465fast, compromising the stability of the arthroplasty and causing
impending fractures.
Having in mind the presented clinical data, the initial differen-
tial diagnosis of this lesion was as follows: foreign-bodyFigure 3. Seven-month postoperative radiographs. Seven-month postoperative anteroposter
the central part.
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PMMA cement, UHMWPE wear debris, or prosthesis components;
TKA infectionwith consequent osteomyelitis; benign neoplasia and
both primary and metastatic malignancy.ior and lateral radiographs showing a lytic lesion behind the femur implant, adjacent to
seca Hospital from ClinicalKey.com by Elsevier on July 09, 2020.
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Figure 4. Three-year postoperative radiographs. Three-year postoperative anteroposterior and lateral radiographs showing progression of the lesion and femoral notching.
Apparent osteolysis adjacent to the anterolateral part of the tibial component is also seen.
A. Cardoso et al. / Arthroplasty Today 6 (2020) 463e469466The differential diagnosis of malignant lesions is long, but his-
tory, tumor characteristics, location, and radiographic features can
frequently lead to a diagnosis (as is the case with giant cell tumor,Figure 5. Seven-years postoperative radiographs. Seven-year postoperative long-axis
and lateral knee radiographs showing progression of the previous lesions.
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dotumor with MRI). The patient had a history of a thyroid hyper-
plasia but with no evidence of malignancy. The previous workup
performed by an orthopaedic tumor specialist, as detailed previ-
ously (imaging and histology), deemed this diagnosis unlikely [8].
Infection had to be carefully ruled out, as it can masquerade
foreign-body reaction and neoplasia [9]. Specifically, subacute
osteomyelitis can present insidiously with pain, with or without
swelling, and laboratory markers of inflammation can be normal.
This led us to perform an intraoperative extemporaneous analysis
of collected tissue and to delay definitive surgery, as infection could
not be ruled out in a timely manner. We found this entity unlikely
as several blood cultures (drawn at different timings) and surgical
specimens’ cultures were negative. Pathological analysis also
revealed a predominance of chronic inflammation, which does not
support infection [7,10]. At that time, we decided to perform the
second surgery 3 weeks after the first. Another option would be to
prolong antibiotic therapy and to wait 3 to 6 months, with serial
clinical, analytical, and culture follow-up, to definitively exclude
infection. However, as this was an active patient, we felt there was a
huge fracture risk with minimal trauma. As the mentioned workup
revealed a low probability of infection, and to avoid a fracture and/
or patient immobilization for a long time, we decided to proceed
with the revision’s second stage. Nonetheless, some cases of pros-
thetic joint infection are, in fact, culture negative, so infection
cannot be definitively excluded in this case. If that were the case, it
could explain the topography of the lesion and the fact that it has
not relapsed since.
The continuum of periprosthetic osteolysis and aseptic loos-
ening continues to be a relatively poorly understood phenomenon,
with different proposed pathogenic mechanisms [11]. There are
certainly both mechanical and biological contributing factors, pa-
tient, implant, or surgeon related. Foreign-body giant-cell reaction
has initially been described in association with PMMA cement,
although it most commonly occurs with UHMWPE or prosthesis
components [12]. Different levels of inflammation and consequentonseca Hospital from ClinicalKey.com by Elsevier on July 09, 2020.
n. Copyright ©2020. Elsevier Inc. All rights reserved.
Figure 6. Histological analysis of surgical specimens. Synovial and macrophagic reaction (a) to the metal prosthesis material (A.1 e dark pigment). Vacuoles left by partially
dissolved cement material and squeezed multinucleated giant cells (b). Xanthomatosis-like reaction (c). The reabsorbed bone (arrow), organized fibrous tissue, and vacuoles left by
partially dissolved cement (d). Hematoxylin and eosin 10, 20, 40, 40, and 10.
A. Cardoso et al. / Arthroplasty Today 6 (2020) 463e469 467osteolysis can occur, depending on the size of particles [1]. This
granulomatous reaction can lead to soft-tissue masses or, if intra-
osseous, can lead to extensive osteolytic pseudotumor areas within
the bone. The histological analysis of the surgical tissue suggested
that a reaction to prosthesis components and PMMA cement was
the culprit of the extensive patient’s reaction, although cutaneous
tests were negative (although these tests have been shown to be
unreliable for determining true metal allergy in TKA) [13]. This
suggests that the osteolytic reaction was not secondary to
UHMWPE wear, as occurs in most cases, but probably due to an
early debonding leading to osteolysis and generation of PMMA and
metal debris [14]. Cheng et al. [14] report the failure of a tibialFigure 7. Femur’s intraosseous cystic lesion. An intraoperative photograph of the fe-
mur’s intraosseous cystic lesion.
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from an early debonding and consequent micromotion. Their his-
tological findings are identical to ours, with no evidence of
UHMWPE debris or macroscopic wear. Their patient did not pre-
sent, however, with such an osteolytic lesion, although the casewas
treated 2 years after the index procedure. Although we do not have
further information regarding the early course of our case, we
believe the original pain and edemawere due to the patient’s initial
reaction to PMMA and prosthesis’ components. We cannot fully
explain why this happened only on the femur side and why it has
not relapsed since (the final histological diagnosis was only made
after surgery and review of the case). We believe that the design ofFigure 8. Resected femur. An intraoperative photograph of the resected femur with a
spacer in place.
seca Hospital from ClinicalKey.com by Elsevier on July 09, 2020.
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Figure 9. Four-year postreconstruction radiographs. Anteroposterior and lateral radiographs 4 y after reconstruction.
A. Cardoso et al. / Arthroplasty Today 6 (2020) 463e469468the prosthesis’ femoral component, which allowed communication
to the femoral canal, could have allowed cement to migrate in an
unusual amount to the femoral canal, leading to such reaction. The
tibial component did not allow such communication.
Interestingly, there have been various reports in the literature
regarding isolated tibial aseptic loosening, which can shed some
light on the different modes of aseptic loosening failure [14-16].
Arsoy et al. [15] found a particular type of tibial implant to have a
disproportional high percentage of aseptic loosening as the cause of
failure. The patients in their study were mostly asymptomatic and
diagnosed in routine surveillance radiographs, which showed tibial
debonding with minimal amounts of osteolysis, contrasting to our
case. They did not, however, establish the failure mechanism of that
device. To our knowledge, there are no reports of failure related
specifically to the implant used in the initial arthroplasty of our
patient. On the other hand, Hazelwood et al. identified high-
viscosity cement as a common factor among patients with iso-
lated tibial aseptic loosening, which is known to have diminished
bone penetration (we have no information regarding the type of
cement used in the initial arthroplasty in our case) [16].
This is a case of a TKA failure, with a radical progression and
treatment, in part due to the large observation period that the
patient was exposed to (the reason of which we can only speculate
about). If she had been submitted to surgery earlier, the outcome
could have been different. Although we believe that the etiology of
this lesionwas a foreign-body reaction, it is important to note that a
culture-negative periprosthetic joint infection is another possibil-
ity. Regarding surgical treatment options, this tumor reconstruction
prosthesis conferred a great degree of stability and the possibility to
remove the entire lesion. On the other hand, this option implied
long stems and cement use, with limited options in case of a
prosthetic failure. The stems, however, as they occupy the femoral
canal can also serve as a mechanical block to an unusual cement
migration and a new possible reaction. The extended muscular
detachments could also have led to a low functional result. None-
theless, the patient is well, with no signs of relapse, andwith a good
functional result. Another option would be to use a hinged pros-
thesis complemented with an autograft or allograft, but we felt the
choice made would be a more stable construct.Downloaded for Anonymous User (n/a) at Professor Doctor Fernando F
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Evenwith every care, periprosthetic osteolysis continues to be a
major problem. A reaction to cement and prosthesis’ components
can be an elusive cause and lead, as illustrated, to a dramatic
outcome. As the number of TKAs continues to increase, it is possible
that reactions such as this will appear more often and surgeons
must be ready to deal with them.Conflict of interest
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